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Abstract
Steel structures such as ships, ocean structures, automobile, aircraft and bridges should be designed and manufactured to be able 
to endure under various environmental conditions such as static load, impact, fatigue and torsion etc. Especially, many researches 
about improvement of fatigue strength have been performed in relation to welding to be used for connection of steel structures. In 
case that welded structures were applied cyclic fatigue load, the factors such as profile of weld bead, direction and size of applied 
load, welding residual stress and undercut have affected fatigue life. Generally, if curvature radius of welding(r) toe and welding 
DQJOHșDUHODUJHUWKHIDWLJXHVWUHQJWKLVEHWWHUWKDQVPDOOHURQHV+RZHYHULQFDVHWKDWWKHRQHVLGHLQODSMRLQWDUHDZas welded, 
shape(such as gap size, lap length) of lap joint is more affect than welding toe and angle on the stress value. In this study, fatigue 
strength for the ferritic stainless steel was evaluated through stress analysis using finite element method and fatigue test 
according to the lap length and gap size. In addition, to remove notch effect or stress concentration effect in the lap joint area, 
fatigue strength was evaluated by welding as the full penetration condition.
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1. Introduction
Steel structures such as ships, ocean structures, automobile, aircraft and bridges should be designed and 
manufactured to be able to endure under various environmental conditions such as static load, impact, fatigue and 
torsion etc. Most structures are consist of rivet connection, screwed and welding. And welding which having simple 
operation process and excellent strength is very useful. But welded structures could be caused fatigue failure by the 
occurrence and growth of crack due to fatigue load. Fatigue strength of welded structure is affected by base metal, 
weldment joint shape, loading conditions, weldment surface conditions, and weld defect and environmental impacts 
etc.[1ޯ3]
There are three methods to evaluate the quality of the fatigue strength in the lap joint weldment. In the first, 
fatigue strength of the lap joint weldment was estimated by shape of the welded lap joint. If the shape factors of the 
weldment (such as cuUYDWXUHUDGLXVRIZHOGLQJWRHUZHOGLQJDQJOHșDQGVRRQDUHJUHDWHUWKDQWKHSUHVHQWVWDWH
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the fatigue strength will be improve.[4ޯ6] Second, the study which basis on the fatigue life improvement, have 
been investigated in the direction of reducing the stress concentration like toe of weld through the post processing.[7
ޯ9] Third, the study on the fatigue life predictions caused by  joint shape of the weldment have been studied.[10ޯ
12]
But, when lap joint welding which are welded only one side, value of the maximum stress through finite elements 
analysis using the MARC program in the MSC company were appeared on the overlapping area not on the toe of 
weld. According to the previous information, stress concentration phenomenon of overlapping area has more effect 
WKDQFXUYDWXUHUDGLXVRIZHOGLQJWRHUZHOGLQJDQJOHș+RZHYHUWKHIDFWRUVDIIHFWLQJWKHIDWLJXHVWUHQJWKRIWKH
overlapping area hasn't been researched in previous research yet.
Therefore, fatigue strength was evaluated according to the lap length and gap size in the overlapping area. And, 
fatigue strength was evaluated and compared after welding of full penetration conditions to avoid notch effect and 
stress concentration at overlapping area.
2. Test Method
2.1. Finite Elements Analysis
The FEM analysis for this research was performed by Marc program in the MSC company before the test to 
confirm the stress characteristic of each conditions; lap length of 2mm, 4mm, 6mm, 8mm, 10mm, and gap size of 
0.2mm, 0.4mm, 0.6mm, 0.8mm, 1.0mm. The geometry of the modeling for FEM analysis was deigned to imitate 
same as the weldment of the fatigue specimen. A one-side area was fixed on the direction of the Ux, Uy, Uz by 
boundary conditions. The modeling geometry and boundary conditions for the finite elements analysis is shown in 
Fig 1. The loads that were divided in 50 steps, were given from 0N to 9,000N. The load value of the each step is the 
180N.
Fig 1. Modeling of finite element analysis and boundary condition
The material used in this research was STS 444, and instrumented indentation tester used to measure a 
mechanical properties of base metal, heat-affected zone(HAZ), and weldment. The mechanical properties of the 
material is given in Table 1. Both tensile and yield strength have similar values. But modulus of elasticity are 
different in base metal, HAZ, and weldment. Then base metal and HAZ were given the average value 198 GPa, 
weldment was given the value 168.7 GPa
Table 1. Mechanical composition of material
Specimen Location Yield strength [MPa] Tensile strength [MPa] Modulus of elasticity [GPa]
STS 444
Base 337.9 594.3 197.8 
HAZ 337.6 595.1 198.2 
Weld 333.8 597.2 168.7 
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After the fatigue test, the finite elements analysis is performed by following conditions to compare the shape 
factor of lap joint weldment.
(1) To compare the stress change due to the decrease of upper plate welding lengths, the gap size was given 1.0mm 
like in the interpretation of existing condition and upper plate welding length(s) is given 1.0mm. At this condition, 
the notch of lap joint was compared to stress change.
(2) To compare the each weldment shape factors of lap joint, upper plate welding length(s) is given 1.7, 1.85, 
PPFXUYDWXUHUDGLXVRIZHOGLQJWRHULVJLYHQPPZHOGLQJDQJOHșLVJLYHQ, 110, 125,
and welding penetration(p) is given 0.5, 1.0, 1.5mm.
)LUVWDQDO\VLVLVSHUIRUPHGWKDWZHOGLQJWRHFXUYDWXUHUDGLXVUZHOGLQJDQJOHșZHOGLQJSHQHWUDWLRQSDUH
constant each 0.05mm, 90°, 0.5mm and upper plate welding length(s) is variable. Second analysis is performed
that welding toe curvature radius(r), upper plate welding length(s), welding penetration(p) are constant each
PPPPPPDQGZHOGLQJDQJOHșLVYDULDEOHThe last analysis was performed that welding toe
curvature radius(r), welding DQJOHșXSSHUSODWHZHOGLQJOHQJWKVDUHFRQVWDQWHDFKPPPPDQG
welding penetration(p) is variable. The analysis method was made at the same method as that performed before
the fatigue test.
2.2. Fatigue test for each lap joint condition
The material used in this research was STS 444(2t), and a wire was STS 430Nb(Ø1.2). The chemical 
composition and mechanical properties of the material is given in Table 2 and Table 3, respectively.
Table 2. Chemical compositions of materials
Specimen C si Mn Cr P Mo Cu Nb Cr-EQ Ni-EQ
STS444 0.06 0.19 0.28 18.6 0.021 2.0 - - 20.9 1.9
STS 430LNb 0.015 0.5 0.5 18.5 0.013 - 0.1 0.45 19.5 0.7
Table 3. Mechanical compositions of material
Specimen Yield [MPa] Tensile[MPa] Fracture Elongation [%]
STS444 385 520 20
The lap joint welding was performed by 3.5, 5, 10mm of lap length and 0.5, 1mm of gap size to evaluate the 
fatigue life with lap length and gap size of lap joint. All welding was carried out in the following condition using the 
350A GMA welding machine of Hyosung company; 13mm of CTWD, 40 of torch angle, 0.5mm of tip position, 
0.5mm of tube location, MAG of welding method, 198A of welding current, 20V of welding voltage, 100cm/min of 
welding speed, Ar 98% and O2 2% of shielding gas. The welded fatigue specimen was made that welded part is 
placed on the center of specimen according to ASTM E466
The tests were undertaken, in agreement with the ASTM E466 using the fatigue tester which is Shimadzu 
company of Japan in the room temperature. Loading a full pulsating tensile load(stress ratio R is 0), loading 
frequence was 40Hz, and the fatigue test was performed by reducing load until crack was occurred during 1×106 
cycle.
3. Results and Discussions
3.1. The finite element analysis results
As the results of the stress analysis, the compressive stress was appeared above upper plate and beneath under 
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plate, and tensile stress was appeared above under plate and overlap area.(Fig 2.) The maximum stress was occurred 
in overlap area by notch effect and stress concentration. The eccentricity are existed in the jap joint of the finite 
elements model. Therefore bending moment was occurred to the thickness direction at the lap joint as the loading. In 
this case, compressive stress, tensile stress were considered that occurred due to the specimen was changed to the 
vertical direction of tension line.
Fig 3 shows the maximum stress of notch end tip. The stress variation of lap zone by changed the overlap length 
is 5 MPa from 420 to 425 MPa, and the gap size is 70 MPa from 420 to 490 MPa(Fig 3.). Therefore, it is considered 
that gap size is more effect than overlap length
G
Fig 2. FEA of 0.2mm gap + 5mm lap joint
G
Fig 3. Stress variation of lap zone according to lap length and gap size
In the result for shape factor, the maximum stress decreased about 30 MPa when upper plate length(s) was 
increasing from 1.7 to 2.0 mm. It decreased about 90 MPa when the welded toe curvature radius(r) varies from 0.05 
to 0.15 mm. And It decreased about 70 MPa during welding angleșYDULDWLRQIURPWR. But the penetration 
depth could slightly affect the stress variation about 5 MPa, from 0.5 to 1.5 mm. 
7KHUDGLXVRIFXUYDWXUHUDQGZHOGLQJDQJOHșLQIOXHQFHGWKHYDULDWLRQRIVWUHVVPRUHWKDQWKHUHVXOWRIXSSHU
plate length, and assumed that these can have huge effect to fatigue life. But the difference according to weld 
penetration has little influence.
3.2. The test results of fatigue for each lap joint conditions
In the test results of fatigue, the gap size was more affective factor to fatigue life than overlap lengths.(Fig 4.)
The fatigue limit difference for gap size was 75 MPa by 0.5mm and 50 MPa by 1.0mm. It was assumed that the 
reason was made by the distinction of welding length in upper plate(s), curvature radius of welding toe(r), welding 
DQJOHșDQGZHOGLQJSHQHWUDWLRQGHSWKSDFFRUGLQJWRJDSVL]H,IJDSVL]HZDVPPWKHYDOXHZDVPPV
Jaesong Kim et al. / Procedia Engineering 10 (2011) 1979–1984 1983
0.13mm(r), 124  ș mm(p), and if gap size was 1.0mm, the value is 1.7mm(s), 0.05mm(r), 96  șPPS
Such as the results of finite element analysis, the fracture was occurred due to the growth of cracks in the overlap 
area that has the notck effect and the stress concentration.
G
Fig 4. Fatigue life curve according to lap length and gap size
3.3. The analysis of full penetration lap joint and fatigue test results to improve fatigue strength
The notch effect and stress concentration that occurred in a overlap area could be eliminated by the full 
penetration weld with 2mm overlap length. The weld was made at the same conditions as that in 2.2. To compare 
with full penetration conditions and partial penetration conditions, the cross-section of welded specimen is 
determinated, and performed stress analysis with an appropriate modeling.
For full penetration conditions, the notch tips have lower stress about 100 MPa than the partial penetration 
conditions, and outstanding fatigue life.(Fig 5.) The fatigue life could be improved by removing stress concentration 
area in lap joint.
G
Fig 5. Stress comparison and Fatigue life of partial and full penetration conditions
4. Conclusion
The conclusions of the present study is obtained by using the finite element analysis and fatigue test for 
considering the characteristics of fatigue life depended on the lap length and the gap to contemplate the notch effects 
and stress concentration in overlap area.
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(3)First point, in finite element analysis according to lap length and gap, the maximum stress varies small between 
420 ~ 425 MPa if the lap length increase, but the maximum stress varies large between 420 ~ 490 MPa if the gap 
length increase. But it is grown about 70MPa with the gap size increasing. Therefore, the gap size is the main 
factor of maximum stress of the notch than the overlap length.
(4)Second point, the difference of fatigue life by lap length in fatigue test is very little with analysis result, but, by 
gap size, it has large difference of fatigue life. 
(1) The fatigue life decrease effected by gap existence is occurred by the reduction of upper plate welding 
length(s) of the cross-section analysis result, and the difference in fatigue life is arisen due to the higher stress 
about 30 MPa when the upper plate welding length(s) of stress analysis result is reduced.
(2) In the result of impact assessments according for the shape factor varied due to the gap size, the decrease of 
the maximum stress is about 30 MPa when the welding length of the upper plate(s) is increased 1.7 - 2.0 mm, and 
is about 90 MPa when curvature radius of welding toe(r) is increased 0.05 - 0.15 mm, and is about 70 MPa when 
ZHOGLQJDQJOHșLVLQFUHDVHG-125°. But the stress has little changes within 5 MPa with 0.5-1.5cm increase of 
welding penetration(p).
7KHFXUYDWXUHUDGLXVRIZHOGLQJWRHUDQGZHOGLQJDQJOHșLQIOXHQFHWKHYDULDWLRQRIVWUHVVPRUHWKDQXSSHU
plate length's(s) result, and assumed that these can have huge effect to fatigue life. But the difference according to 
welding penetration(p) has little influence.
(5)Third point, starting point of all cracks is occurred in overlap area appearing stress concentration or notch effect 
after fatigue test. The overlap area in lap joint is considered weak point to fatigue strength for notch effect and 
stress concentration.
(6)Last point, the fatigue life could be improved by removing stress concentration area in lap joint.
In this study, the factor affecting fatigue life in lap joint is found using above result, and the fatigue life could be 
improved by full penetration to eliminate notch effect and stress concentration in lap joint.
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